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The  present  study  was undertaken  to  determine  the  membrane-stabilizing  effect of  Bio-
tea in  the  prevention  of  myocardial  injury  caused  by isoproterenol  in rats.  The  efﬁciency  of
Bio-tea  pretreatment  was  compared  against  black  tea  pretreatment  and  the  positive  con-
trol (rats  with  isoproterenol-induced  myocardial  infarction)  and  negative  control  (normal
control rats).  For  this  purpose,  biochemical  analysis  of  the  in  vivo antioxidants  (super-
oxide  dismutase,  catalase,  and  reduced  glutathione),  glycoprotein  components  (hexose,
hexosamine,  sialic  acid,  and  fucose),  lipids (total,  ester  and free  cholesterol,  triglycerides,
free fatty  acids,  and  phospholipids),  and  transmembrane  protein  activities  (Na+/K+ ATPase,
Ca2+ ATPase,  and  Mg2+ ATPase)  was  carried  out  along  with  the  histological  and  ultrastruc-
tural  study  of  the  myocardial  tissue.  Induction  of  myocardial  infarction  using  isoproterenol
resulted  in a signiﬁcant  decrease  in  tissue  antioxidants  and  an increase  in  the  levels  of
total,  ester  and  free  cholesterol,  triglycerides,  free  fatty  acids,  and  glycoprotein  compo-
nents  in  plasma  and  heart.  The  phospholipid  content  showed  an increase  in plasma  and  a
simultaneous  decrease  in the heart  tissue,  while  the  Na+/K+ ATPase  activity  decreased  and
Ca2+ ATPase  and  Mg2+ ATPase  activities  increased,  resulting  in  destabilization  of the  mem-
branes.  Pretreatment  with  Bio-tea  was  able  to bring  these  components  to near  normal,
indicating  its reactive-oxygen-species-scavenging,  lipid-lowering,  membrane-stabilizing
and  glycoprotein-modulating  effects  and lending  credibility  to  the regular  use  of Bio-tea.
© 2016  Saudi  Society  of Microscopes.  Published  by Elsevier  Ltd.  This  is  an open  access
article  under  the  CC BY-NC-ND  license. Introduction
Cardiovascular disease is a term used for a heteroge-
eous group of disorders that affects the heart and blood
essels. Myocardial infarction (MI) is one of the main causesPlease cite this article in press as: Lobo RO, Shenoy CK. Bio-tea p
induced myocardial injury. J Microsc Ultrastruct (2016), http://
f cardiovascular death, which is estimated to reach 23.3
illion by 2030 [1]. MI  results from prolonged myocardial
schemia, which causes necrosis of the myocytes due to
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interruption of the blood supply to an area of the heart [2].
The period of ischemia is followed by reperfusion, where
blood supply returns to the tissue, resulting in inﬂamma-
tion and oxidative stress. Isoproterenol (ISO) is a synthetic
catecholamine and -adrenergic agonist, which causes
severe stress in the myocardium due to the generation of
free radicals, and stimulates lipid peroxidation, which is a
causative factor of irreversible damage to the myocardial
membrane [3].
The study of the cardioprotective effects of natural prod-revents membrane destabilization during Isoproterenol-
dx.doi.org/10.1016/j.jmau.2016.09.001
ucts has shown an upsurge in recent years as they have
fewer side effects than synthetic drugs. Kombucha, known
as Bio-tea in Karnataka, India, is one such natural prod-
uct, produced by the fermentation of sugared black tea
d. This is an open access article under the CC BY-NC-ND license
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using a Kombucha pellicle, which is a combination of acetic
acid bacteria and yeast. It is a traditional drink that is said
to regulate gastric, intestinal, and glandular activities, and
relieve joint rheumatism, gout, and hemorrhoids. It has a
positive inﬂuence on the cholesterol level, arteriosclerosis,
diabetes, and aging problems [4]. Efﬁcacy of Bio-tea against
hypoglycemic and hypolipidemic effects in diabetes con-
dition, and its hepatoprotective properties have been well
studied [5,6].
Although there is a paucity of data regarding the car-
dioprotective effect of Bio-tea, a previous study in our
laboratory has shown that its consumption protects the
heart against myocardial injury, probably by preventing
membrane destabilization [7]. Thus, the present study was
designed to investigate the membrane-stabilizing action
of Bio-tea by analyzing the levels of antioxidants, lipids,
lipid peroxidation products, glycoprotein components,
transmembrane protein activity, and the histopathological
analysis of the myocardial tissue.
2. Materials and Methods
2.1. Experimental animals and diet
All the experiments were carried out as per the
guidelines of the Committee for the Purpose of Control
and Supervision of Experiments on Animals (CPCSEA),
New Delhi, India after approval by the Institutional Ani-
mal  Ethics Committee (IAEC) of Mangalore University
(MU/AZ/99/2013-14/IAEC, dated 2 April 2013). The study
was carried out using 24 male albino Wistar rats (Rattus
norvegicus) aged 4 months, which were maintained in the
Animal House of the Department of Biosciences, Manga-
lore University, Karnataka, India. The rats were housed
in polypropylene cages, lined with husk, renewed every
24 hours under a 12: 12 hour light: dark cycle at around
22 ◦C, food and water was supplied ad libitum, and they
were fed a standard pellet diet (Pranav Agro Industries
Limited, Maharashtra, India).
2.2. Drugs and chemicals
Isoproterenol hydrochloride, 1,1’,3,3’-tetra methoxy
propane, cholesterol, palmitic acid, galactose, mannose,
galactosamine hydrochloride, N-acetyl neuraminic acid,
adenosine triphosphate (ATP), and cysteine hydrochloride
were purchased from Sigma Chemical Company (St. Louis,
MO,  USA), while all the other chemicals used were of ana-
lytical grade.
2.3. Preparation of ISO
ISO was prepared at a dose of 85 mg/kg body weight in
cold saline.
2.4. Preparation of Bio-teaPlease cite this article in press as: Lobo RO, Shenoy CK. Bio-tea p
induced myocardial injury. J Microsc Ultrastruct (2016), http://
Tea was prepared using 10% (w/v) commercial sucrose
and 7.5 g/L (w/v) tea leaves (Brooke Bond Red Label). The
tea decoction was cooled to 30 ◦C and ﬁltered into clean
glass bottles. Kombucha pellicle from previous culture was PRESS
nd Ultrastructure xxx (2016) xxx–xxx
placed on it and incubation was carried out at room tem-
perature under aerobic conditions for 7 days. After 7 days,
the Bio-tea obtained was ﬁltered and sterilized before
refrigeration.
2.5. Experimental protocol
The present study was  carried out using four groups
of six rats each in the following treatment groups: Group
1: normal control rats; Group 2: ISO-induced control rats;
Group 3: tea pretreated + ISO-induced rats; and Group
4: Bio-tea pretreated + ISO-induced rats. Tea and Bio-tea
were administered daily to the respective groups orally at
a concentration of 1.71 mL/kg [8] for a period of 30 days.
MI was  induced by subcutaneous administration of ISO
(85 mg/kg) on Days 29 and 30 at a 24-hour interval [9]. At
the end of the study period, the animals were anesthetized
using ketamine (22–24 mg/kg intramuscularly) and blood
collected by heart puncture for biochemical estimations.
The animals were sacriﬁced by cervical dislocation and the
heart excised.
2.6. Estimation of lipid peroxidation products and
antioxidants in heart
The heart thiobarbituric acid reactive substances
(TBARS) were estimated as per the protocol of Fraga et al
[10] against 1,1’,3,3’-tetra-methoxy propane as standard.
The values were expressed as mmol/100 g wet tissue
weight. Superoxide dismutase (SOD) in the heart sam-
ples was  assayed according to Kakkar et al [11] by using
phenazine methosulfate and nitroblue tetrazolium along
with reduced nicotinamide adenine dinucleotide. The
enzyme activity was  expressed as units/mg protein, where,
one unit of enzyme activity was deﬁned as the enzyme con-
centration required to inhibit the optical density at 560 nm
of chromogen production by 50% in 1 minute. The catalase
enzyme activity was estimated by the method of Sinha [12],
with dichromate–acetic acid reagent and hydrogen per-
oxide as standard. The activity of catalase was  expressed
as mol  hydrogen peroxide consumed/min/mg protein.
The estimation of reduced glutathione (GSH) was  carried
out by the method of Ellman [13] using 5,5’-dithiobis-(2-
nitrobenzoic acid) in 1% sodium citrate. The results were
expressed as mmol/g wet  tissue weight of heart.
2.7. Extraction of lipids and glycoprotein components
Lipids were extracted from plasma and tissues by the
method of Folch et al [14]. The tissues were rinsed thor-
oughly in ice-cold physiological saline and dried using
ﬁlter paper. The samples were homogenized in cold
chloroform–methanol (2:1 v/v) and the contents were
extracted after 24 hours. The extraction protocol was
repeated until all the lipids were extracted. The ﬁltrates
were combined and washed with 0.7% potassium chloride
in a separating funnel. The lower lipid layer was  made uprevents membrane destabilization during Isoproterenol-
dx.doi.org/10.1016/j.jmau.2016.09.001
to a known volume with chloroform and used for various
estimations. The defatted samples were suspended in 3 mL
2N hydrochloric acid and digested by heating at 90 ◦C for
4 hours. The digested samples were cooled and neutralized
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ith 3 mL  2N sodium hydroxide. Aliquots from this were
sed for the estimation of hexose, hexosamine, sialic acid,
nd fucose.
.8. Estimation of lipids
The levels of total cholesterol were estimated by the
ethod of Zlatkis et al [15] by using ferric chloride–acetic
cid reagent, while the ester and free cholesterol concen-
rations were estimated by the method of Varley et al [16]
gainst a cholesterol standard. Triglyceride estimation was
arried out according to Fossati and Lorenzo [17] and the
evels of free fatty acids were estimated as per Falholt et al
18] against palmitic acid standard. Phospholipid estima-
ion was carried out according to Zilversmit and Davis [19]
here the samples were digested in Kjeldahl ﬂasks and
he inorganic phosphate obtained was estimated. All the
esults were expressed as mg/dL for plasma and mg/g wet
issue weight for heart.
.9. Estimation of glycoprotein components
Protein-bound hexose was estimated by the method
f DuBois and Gilles [20] by using orcinol–sulfuric acid
eagent and galactose–mannose standard, while protein-
ound hexosamine was estimated by the method of
agner [21] using galactosamine hydrochloride as stan-
ard. Sialic acid estimation was carried out by the method
f Warren [22] using N-acetyl neuraminic acid as standard
nd fucose was estimated by the method of Dische and
hettles [23], where cysteine reagent was used for the anal-
sis and fucose content was calculated from the differences
n absorbance at 393 nm and 430 nm.  All the values were
xpressed as mg/dL for plasma and mg/g defatted tissue for
eart.
.10. Estimation of transmembrane protein activity
The Na+/K+ ATPase activity was assayed according to
he protocol of Bonting [24] using 40 mM ATP. The activ-
ty of Ca2+ ATPase was estimated as per the method of
jertén and Pan [25] with 10 mM ATP. Mg2+ ATPase activ-
ty was analyzed with 10 mM ATP following the protocol ofPlease cite this article in press as: Lobo RO, Shenoy CK. Bio-tea p
induced myocardial injury. J Microsc Ultrastruct (2016), http://
hnishi et al [26]. The above estimations were followed by
stimation of the liberated phosphorous by Fiske and Sub-
arow method [27]. All the results are expressed as mol
i liberated/min/mg protein.
able 1
ffect of Bio-tea on lipid peroxidation products and antioxidants in heart tissue.
Variable Control ISO control 
TBARS 0.632 ± 0.03a 1.098 ± 0.03d
SOD 11.236 ± 0.29c 7.880 ± 0.45a
CAT 7.040 ± 0.38c 3.419 ± 0.24a
GSH 7.533 ± 0.34d 4.224 ± 0.43a
alues are mean ± standard error of the mean for six rats in each group. Values
p  < 0.05, Duncan’s multiple range test). Values expressed as mmol/100 g wet tis
onsumed/min/mg protein for CAT; and mmol/g wet  tissue weight for GSH. BT = 
OD  = superoxide dismutase; TBARS = thiobarbituric acid reactive substances. PRESS
nd Ultrastructure xxx (2016) xxx–xxx 3
2.11. Light microscopy and transmission electron
microscopy
Heart tissues from all experimental groups were
washed and ﬁxed in 10% buffered neutral formaldehyde
solution. After ﬁxation, the tissues were processed by dehy-
drating in alcohol, followed by xylene prior to embedding in
parafﬁn wax. Sections of 5–7 m thickness were subjected
to hematoxylin and eosin staining and observed under a
light microscope.
For the ultrastructural study, 2.5% buffered gluteralde-
hyde and post ﬁxation was  carried out in 1% osmium
tetroxide. Dehydration was carried out using varying
grades of alcohol followed by propylene oxide prior to
embedding in resin. Tissue sectioning was  carried out using
a Leica EM UC6 Ultramicrotome, Germany, stained with
uranyl acetate and lead citrate, observed under a trans-
mission electron microscope (Tecnai G2 Spirit Bio-twin,
USA), and representative areas were photographed using
a Megaview III CCD camera.
2.12. Statistical analysis
The data were statistically analyzed using one-way
analysis of variance followed by Duncan’s multiple range
test (IBM SPSS Statistics 20.0). A value of p < 0.05 was  con-
sidered statistically signiﬁcant. The values were expressed
as mean ± standard error of the mean.
3. Results
3.1. Lipid peroxidation products and antioxidants in
heart
The initial cellular defense against any oxidative stress
is via GSH and the antioxidant enzymes SOD and catalase
[28]. Our study showed a signiﬁcant drop in the levels of
these endogenous antioxidants in the heart during ISO-
induced MI,  along with an increase in the products of lipid
peroxidation, TBARS, when compared to normal control
rats (Table 1). Oral pretreatment with tea decreased the lev-
els of TBARS and signiﬁcantly protected the antioxidants,
while, results of higher signiﬁcance were observed upon
pretreatment of rats with Bio-tea.revents membrane destabilization during Isoproterenol-
dx.doi.org/10.1016/j.jmau.2016.09.001
3.2. Lipid proﬁle
The alteration of lipid proﬁle in the plasma and heart of
the control and pretreated rats is shown in Table 2 and 3,
Tea + ISO BT + ISO
0.897 ± 0.03c 0.821 ± 0.02b
9.805 ± 0.41b 10.579 ± 0.37c
5.562 ± 0.67b 6.399 ± 0.47c
6.018 ± 0.24b 6.995 ± 0.32c
 not sharing a common superscript differ signiﬁcantly from each other
sue weight for TBARS; U/mg protein for SOD; mol hydrogen peroxide
Bio-tea; CAT = catalase; GSH = reduced glutathione; ISO = Isoproterenol;
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Table 2
Effect of Bio-tea on plasma lipids in MI  rats.
Variable Control ISO control Tea + ISO BT + ISO
Free fatty acids 28.64 ± 1.98a 44.74 ± 3.40c 31.68 ± 2.30b 25.56 ± 1.16a
Triglycerides 40.75 ± 1.93a 52.25 ± 1.49c 46.50 ± 1.88c 43.75 ± 1.42b
Phospholipids 36.50 ± 2.37a 53.40 ± 3.61b 48.13 ± 1.60b 42.06 ± 2.86a
Total cholesterol 64.50 ± 2.21a 87.00 ± 1.41c 71.75 ± 1.93b 66.75 ± 1.49a
Values are mean ± standard error of the mean for six rats in each group. Values not sharing a common superscript differ signiﬁcantly from each other
(p  < 0.05, Duncan’s multiple range test). All the results are expressed as mg/dL. BT = Bio-tea; ISO = isoproterenol induced.
Table 3
Effect of Bio-tea on myocardial lipids in MI  rats.
Variable Control ISO Control Tea + ISO BT + ISO
Free fatty acids 3.37 ± 0.33a 4.87 ± 0.40c 3.70 ± 0.26b 3.54 ± 0.15a
Triglycerides 3.30 ± 0.28a 6.87 ± 0.41c 5.12 ± 0.38b 3.85 ± 0.27a
Phospholipids 14.07 ± 0.56b 10.82 ± 0.37a 11.83 ± 0.47a 13.60 ± 0.35b
Total cholesterol 4.13 ± 0.33a 7.75 ± 0.39c 5.79 ± 0.38b 4.52 ± 0.29a
Ester cholesterol 2.99 ± 0.20a 5.48 ± 0.25c 4.23 ± 0.28b 3.05 ± 0.23a
Free cholesterol 1.13 ± 0.21a 2.24 ± 0.19c 1.56 ± 0.20b 1.19 ± 0.10a
Values are mean ± standard error of the mean for six rats in each group. Values not sharing a common superscript differ signiﬁcantly from each other
(p  < 0.05, Duncan’s multiple range test). All the results are expressed as mg/g wet tissue weight. BT = Bio-tea; ISO = isoproterenol.
Table 4
Effect of Bio-tea on plasma glycoprotein components in MI  rats.
Variable Control ISO Control Tea+ISO BT+ISO
Hexose 175.31 ± 6.21a 214.16 ± 6.89c 190.59 ± 7.22b 171.72 ± 6.40a
Hexosamine 44.83 ± 3.69a 65.33 ± 4.06c 49.49 ± 1.64b 42.34 ± 2.35a
Sialic acid 58.72 ± 4.0a 75.34 ± 2.53c 64.42 ± 2.48b 59.01 ± 1.90a
Fucose 48.83 ± 3.96a 65.29 ± 2.60c 54.88 ± 2.48b 49.50 ± 1.55a
. Value
g/dL. BTValues are mean ± standard error of the mean for six rats in each group
(p  < 0.05, Duncan’s multiple range test). All the results are expressed as m
respectively. The levels of free fatty acids, triglycerides,
phospholipids, and total cholesterol, increased in the
plasma upon administration of ISO. Pretreatment with
Bio-tea was able to decrease the concentrations of triglyc-
erides, while maintaining the levels of free fatty acids,
phospholipids, and total cholesterol at near normality.
The tissue concentrations of free fatty acids, triglycerides,
total cholesterol, cholesterol ester, and free cholesterol
increased during MI,  while the tissue phospholipids con-
tent decreased drastically. Pretreatment with Bio-tea was
able to protect the heart tissue during MI  by maintaining
all these levels at near normality.
3.3. Glycoprotein componentsPlease cite this article in press as: Lobo RO, Shenoy CK. Bio-tea p
induced myocardial injury. J Microsc Ultrastruct (2016), http://
Tables 4 and 5 show the concentrations of glycoproteins
components (hexose, hexosamine, sialic acid, and fucose)
in the plasma and heart of normal and ISO-induced MI
rats. The levels of all the glycoprotein components increase
Table 5
Effect of Bio-tea on myocardial glycoprotein components in MI  rats.
Variable Control ISO Control 
Hexose 159.31 ± 3.70a 201.0 ± 4.63
Hexosamine 5.94 ± 0.26a 10.83 ± 0.40
Sialic acid 45.61 ± 0.61a 58.49 ± 1.09
Fucose 35.67 ± 0.63a 48.59 ± 1.13
Values are mean ± standard error of the mean for six rats in each group. Value
(p  < 0.05, Duncan’s multiple range test). All the results are expressed as mg/g defas not sharing a common superscript differ signiﬁcantly from each other
 = Bio-tea; ISO = isoproterenol.
drastically in both plasma and heart tissue of ISO-treated
control rats when compared to the normal control rats. Pre-
treatment with tea is able to control the rise in glycoprotein
component levels, while pretreatment with Bio-tea is able
to maintain their levels at near normality.
3.4. Transmembrane protein activity
A signiﬁcant decrease in the activity of Na+/K+ ATPase
and a corresponding increase in the activities of Ca2+
ATPase and Mg2+ ATPase were observed in MI  rats when
compared to normal control rats (Table 6). Pretreatment
with Bio-tea was  able to efﬁciently prevent the increase
in activity of Mg2+ ATPase and maintain the activities ofrevents membrane destabilization during Isoproterenol-
dx.doi.org/10.1016/j.jmau.2016.09.001
Na+/K+ ATPase and Ca2+ ATPase at near normality. How-
ever, pretreatment with tea did not cause any signiﬁcant
alterations in their activities when compared ISO control
rats.
Tea + ISO BT + ISO
c 173.42 ± 5.21b 166.88 ± 4.10a
d 9.55 ± 0.23c 7.31 ± 0.34b
c 53.55 ± 1.13b 48.14 ± 0.95a
c 43.54 ± 1.13b 38.12 ± 0.84a
s not sharing a common superscript differ signiﬁcantly from each other
tted tissue weight. BT = Bio-tea; ISO = isoproterenol.
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Table  6
Effect of Bio-tea on transmembrane proteins in the heart in MI  rats.
Variable Control ISO Control Tea + ISO BT + ISO
Na+/K+ ATPase 0.538 ± 0.02b 0.297 ± 0.03a 0.333 ± 0.02a 0.477 ± 0.03b
Ca2+ ATPase 0.805 ± 0.04a 1.795 ± 0.08b 1.426 ± 0.07b 0.929 ± 0.09a
2+ a 47 ± 0.3 c c b
V . Values
( mol  Pi li
3
m
o
n
m
s
n
i
t
d
n
n
m
d
F
M
w
nMg ATPase 5.438 ± 0.24 8.4
alues are mean ± standard error of the mean for six rats in each group
p  < 0.05, Duncan’s multiple range test). All the results are expressed as 
.5. Light microscopy and transmission electron
icroscopy
Figures 1A–1D show the effect of Bio-tea on the extent
f histopathological changes in the myocardial tissues of
ormal and ISO-treated control rats. Figure 1A is a light
icrograph of rat heart in the negative control group,
howing normal architecture without edema and lack of
eutrophil inﬁltration. The histological study of the ISO-
nduced MI  (positive control group) shows edema leading
o mucopolysaccharide deposition, wavy myocardial ﬁbers
ue to slippage of myoﬁbrillar alignment, infarcted zones,Please cite this article in press as: Lobo RO, Shenoy CK. Bio-tea p
induced myocardial injury. J Microsc Ultrastruct (2016), http://
ecrosis, and separation of cardiac muscle ﬁbers and
eutrophil inﬁltration, which are characteristic during
yocardial ischemia (Figure 1B). High levels of plasma car-
iac injury markers observed in a previous study carried
ig. 1. Histological study of heart tissue using light microscopy. (A) Structure of 
I  heart tissue with wavy muscle ﬁbers, edema, and neutrophil inﬁltration. (C) St
avy  muscle ﬁbers, and decreased neutrophil inﬁltration. (D) Structure of heart 
o  edema, and absence of neutrophil inﬁltration (40×). MI  = myocardial infarctio6 7.233 ± 0.34 6.383 ± 0.34
 not sharing a common superscript differ signiﬁcantly from each other
berated/min/mg protein. BT = Bio-tea; ISO = isoproterenol.
out in our laboratory [7] clearly support the destruction
of cardiomyocytes. In rats pretreated with tea, there was
less edema and decreased waviness of the muscle ﬁbers
along with less neutrophil inﬁltration (Figure 1C). Oral
pretreatment with Bio-tea showed protective effects in
ISO-induced MI  as demonstrated by lack of edema and the
absence of characteristic neutrophil invasion compared to
ISO-induced MI  and near normalization of the myocardial
ﬁbers (Figure 1D).
Figures 2A–2D show the ultrastructural study of the
effect of Bio-tea on the subcellular membranes in the
myocardial tissues of normal and ISO-treated control rats.revents membrane destabilization during Isoproterenol-
dx.doi.org/10.1016/j.jmau.2016.09.001
The ISO-treated heart cells showed swollen mitochondria
with disrupted cristae (Figure 2B) when compared to nor-
mal  control rats (Figure 2A). In Figure 2C, the ultrastructure
of the heart muscle of tea-pretreated rats showed less
normal heart tissue in rat in control group. (B) Structure of ISO-induced
ructure of heart tissue from tea-pretreated rat, showing reduced edema,
tissue from Bio-tea-pretreated rats, showing mildly wavy muscle ﬁbers,
n; N = neutrophils.
ARTICLE IN PRESSG ModelJMAU-115; No. of Pages 9
6 R.O. Lobo, C.K. Shenoy / Journal of Microscopy and Ultrastructure xxx (2016) xxx–xxx
Fig. 2. Effect of Bio-tea on the ultrastructure of the heart in MI  rats. (A) Heart of normal control rat. Note the compact mitochondria and muscle ﬁbers.
nd disru
reated r(B)  Heart of rat with ISO-induced MI.  Note the swollen mitochondria a
mitochondria and reduced separation of cristae. (D) Heart of Bio-tea pret
isoprenaline; M = mitochondria.
swollen mitochondria than in the ISO control, with reduced
separation of cristae. Pretreatment with Bio-tea consider-
ably reduced the damage due to ISO, as indicated by the
near normal architecture of the mitochondria (Figure 2D).
4. Discussion
Ischemia followed by reperfusion causes an increase
in the levels of the reactive oxygen species leading to
oxidative stress [29], which plays a major role in lipid per-
oxidation and the degenerative changes that follow. Under
normal physiological conditions, endogenous antioxidants
keep the levels of oxidative stress under control. During
ISO-induced myocardial injury, there is a drastic decrease
in the levels of the in vivo antioxidants along with an
increase in TBARS levels. Pretreatment with Bio-tea was
able to prevent the increase in the levels of lipid perox-
idation and curtailed the loss of antioxidants, indicating
its ability to relieve oxidative stress. Previous studies in
our laboratory have shown that Bio-tea is a rich source of
polyphenols and ﬂavonoids such as gallic acid, quercetin,Please cite this article in press as: Lobo RO, Shenoy CK. Bio-tea p
induced myocardial injury. J Microsc Ultrastruct (2016), http://
and various catechins [30]. Quercetin has been shown
to prevent the development of atherosclerosis by reduc-
ing lipid peroxidation [31]. Quercetin, gallic acid, and
polyphenols also act as antioxidants by chelating iron andpted cristae. (C) Heart of black tea pretreated rat with mildly swollen
at with near normal architecture of mitochondria. Scale bar 1 m. ISO =
preventing free radical damage [32], thereby adding to its
in vivo antioxidant potential. In addition to this, TBARS,
which is a marker of oxidative stress, has also been shown
to decrease after intake of mixed catechins [33], indicating
that, catechins have a direct (antioxidant) as well as indi-
rect (increase of activity or expression) effect. Quercetin
also increases the concentration of GSH, which is essential
for membrane stability [31], while catechins increase the
levels of SOD and catalase [34].
ISO-induced MI  is associated with increased levels of
circulatory lipids, which cause hypercholesterolemia and
atherogenesis due to unregulated accumulation of lipids
in tissues. Increase in cholesterol levels leads to increased
membrane ﬂuidity and permeability, which in turn alters
the cytoplasmic viscosity and its chemical composition
[35]. Increased levels of triglycerides are associated with
cardiovascular disturbances as ISO promotes lipolysis in
the myocardium [36]. The altered levels of phospholipids in
ISO-induced MI  rats might be due to enhanced membrane
degradation and the increased peroxidation of membrane
phospholipids and subsequent release of free fatty acidsrevents membrane destabilization during Isoproterenol-
dx.doi.org/10.1016/j.jmau.2016.09.001
by the action of phospholipase A2 [37]. Bio-tea catechins
successfully maintain the plasma and tissue lipid lev-
els at near normality. This is because catechins not only
decrease the absorption of cholesterol and triglycerides
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nd increases fat excretion [38] but also suppress the activi-
ies of phospholipase A2 thereby protecting the membrane
39].
Glycoproteins are important components of intra-
ellular matrix, cell membrane and membranes of the
ubcellular organelles, and are also involved in myocar-
ial necrosis and repair [40]. Hexose, hexosamine, sialic
cid, and fucose are the basic components of glycopro-
eins and are reported to be signiﬁcantly increased in
ardiovascular diseases [41]. The accumulation of free
atty acids (mentioned above) inhibits pyruvate oxidation,
hich in turn causes the accumulation of glucose in the
eart and plasma. The accumulated hexose is converted
o hexosamine, causing an increase in its level [42]. The
bserved changes in myocardial hexosamine are also a
eﬂection of accumulation of plasma glycoproteins, which
orm mucopolysaccharides, during early myocardial necro-
is and subsequent repair of the myocardium [43]. Thus,
he degree of myocardial hexosamine is a good index of
he severity of myocardial damage. Sialic acid is present as
erminal sugars on oligosaccharides attached to protein or
ipid moieties and appear in the coatings of cell surfaces
nd in secretions. It has been reported that sialic acid con-
entration is increased in the plasma of patients with MI
44] and hypertriglyceridemia [45]. The increase in plasma
ialic acid concentration may  be a result of the shedding or
ecretion of sialic acid and fucose from the cell membrane
urface or due to the increased synthesis of acute-phase
roteins involved in chronic inﬂammatory process [46].
he components of Bio-tea are able to indirectly mod-
late the levels of plasma and tissue glycoprotein by
pregulating antioxidant activity and minimizing lipid
eroxidation.
The activities of the membrane-bound enzymes
nvolved in the transportation of ions are directly depen-
ent on the membrane lipid microenvironment and the
tability of the membrane [35]. Therefore, the determina-
ion of membrane-bound enzyme activities will indicate
ny alteration to the membrane physiology under patho-
ogical conditions. Under resting conditions, Na+ diffuses in
hile K+ diffuses out of a cell [47]. This leads to an imbal-
nce in the intracellular and extracellular concentrations of
hese ions, which is brought back to normal by the Na+/K+
TPase. The decrease in the activity of Na+/K+ ATPase in MI
an be attributed to its inactivation due to the lipid perox-
dation of the membrane caused by the ROS generated by
SO or due to decrease in ATP levels due to mitochondrial
amage. This leads to the accumulation of Na+ within the
ell and decrease in intracellular K+ levels, causing depolar-
zation of the membrane. The accumulation of Na+ inside
he cells inactivates the Na+/Ca2+ translocator, thereby pre-
enting the movement of Ca2+ out of the cell. The resulting
alcium overload can damage mitochondria, alter cellular
unction, and increase the activity of phospholipase A2 [48].
ncrease in intracellular Ca2+ levels results in an increase in
he Ca2+ATPase activity in ISO-treated rats. Ca2+ ATPases act
y utilizing ATP for the translocation of Ca2+ out of the cell.Please cite this article in press as: Lobo RO, Shenoy CK. Bio-tea p
induced myocardial injury. J Microsc Ultrastruct (2016), http://
his causes depletion in the ATP reserves, which further
nhibit the activity of Na+/K+ ATPases [47]. Mg2+ ATPase
unctions by pumping magnesium ions into the cell. Mag-
esium ions are crucial in the regulation of Na+/K+ ATPases PRESS
nd Ultrastructure xxx (2016) xxx–xxx 7
as low levels of Mg2+ activate Na+/K+ transport, while
higher concentrations inhibit the same [49]. Magnesium
ions also form calcium–magnesium interactions at the cel-
lular level, preventing ischemic deposition of calcium in
cardiac mitochondria in MI.  However, the increase in intra-
cellular Mg2+ leads to the inhibition of Na+/K+ ATPase, thus
further destabilizing the membrane. The protective effects
observed in rats pretreated with Bio-tea could be due to
the blockage of ISO-induced calcium inﬂux, thus providing
protection to the mitochondria against ISO-induced dam-
age. Pretreatment with Bio-tea also prevents the cascade
of changes that cause the accumulation of Mg2+, thereby
protecting the membranes.
Neutrophils are the primary source of ROS during
reperfusion followed by endothelial cells, which also gen-
erate ROS. The increased ROS production is mainly due
to activation of xanthine oxidase in endothelial cells,
and nicotinamide adenine dinucleotide phosphate oxi-
dase in the inﬂammatory cells [50]. ROS and inﬂammatory
cytokines further activate the matrix metalloproteinases
[51], which degrade collagens, causing slippage in myoﬁb-
rillar alignment, resulting in left ventricular dilatation
[52]. Increased ROS levels also modify phospholipids and
proteins, leading to lipid peroxidation and thiol group
oxidation, which leads to the alteration of membrane
permeability and conﬁguration [53]. Furthermore, neu-
trophils adhere to the endothelium and generate higher
quantities of ROS which directly injure the cell mem-
brane and cause cell death [54]. Pretreatment with Bio-tea
decreases edema and neutrophil inﬁltration, as indicated
by the histopathological studies, due to which there is
a decrease in the synthesis of acute phase glycoproteins
and their glycoconjugates, thus playing a protective role
during ISO-induced MI.  Catechins could also contribute
towards inhibition of in vivo accumulation of ROS by
inhibiting the activity of the enzyme xanthine oxidase
which catabolizes purines to produce uric acid and ROS
[55].
Transmission electron microscopic analysis of the
myocardial tissue demonstrated the degenerative changes
caused by the administration of ISO and the disruption
of the membranes was  apparent. Pretreatment with tea
exhibits some protection to the cardiomyocytes, as shown
by the biochemical tests and ultrastructure. However, the
membrane-stabilizing effects of Bio-tea were clearly evi-
dent in the near normal architecture of the heart tissue of
rats pretreated with Bio-tea.
5. Conclusion
The results of the present study indicate that Bio-tea
pretreatment ameliorates ISO-induced MI  due to its ROS-
scavenging, lipid-lowering, glycoprotein-modulating, and
membrane-stabilizing effects. Thus, regular supplementa-
tion with Bio-tea is beneﬁcial to the body as it helps to cope
with various stressful situations. Other natural productsrevents membrane destabilization during Isoproterenol-
dx.doi.org/10.1016/j.jmau.2016.09.001
such as green tea, red wine, and blackberries are also rich
in polyphenols. However, Bio-tea consumption is advan-
tageous as it is easily available and can be economically
produced.
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